Introduction
Balance is defined as the ability to maintain an upright posture during static and dynamic tasks [1] which requires complex interactions between peripheral and central factors such as vision, somatosensation, vestibular sensation, motor output, and musculature [2] . With advancing age, decline in aforementioned factors, significantly affect the mobility and functional ability of aged persons and increase likelihood of falls in them [3] . Though whole host of factors have been identified to be important for balance in aged people but it is postural stability that is considered as of utmost importance to perform common Activities of Daily Living (ADL) such as walking, turning, rising to standing etc. Association of decreased postural stability and balance with changes in individual sensory systems such as vibration, proprioception and vision have been well documented with propensity of falls in elderly [4] Along with interaction of nervous and musculoskeletal system, balance and postural control also requires interaction between vestibular system, visual system and somatosensory system. Vestibular system sends information to the occulomotor nucleus which then triggers the reflexes such as the Vestibulo-Ocular Reflex (VOR) and the Vestibulo-Spinal Reflex (VSR) that act on visual field stabilization thus helps to stabilize the eyes and helps to maintain postural stability during stance and walking [5] . Studies have highlighted existence of interaction between VOR function and locomotor control systems.
In older population, decline in VOR instability makes them vulnerable to lose balance while walking in community or even during stance phase or when there would be sudden distraction causing increased postural sway with higher risk of fall [6] .VOR function can be retrained through gaze stability exercises [7] . These exercises include vestibular adaptation and substitution exercises. The aim of gaze stability exercises is to improve the vestibule-visual interaction during cephalic movement and to increase static and dynamic postural stability in conditions that produce conflicting sensory information [8] . It is assumed that subtle age related changes in VOR although not amounting to dizziness and other vestibular symptoms can effect gaze stability & gaze fixation ability in older adults, predisposing them to balance, gait and postural instability. It is therefore hypothesized that inclusion of these exercises in balance training will prove beneficial in elderly having balance impairment, hence present study intends to investigate effect of incorporation of gaze stability exercises in balance training of elderly who though are vestibular asymptomatic but have decreased balance and increased risk of fall.
II. Methods

Participants:
Thirty elderly volunteers, both males and females, with non-documented vestibular dysfunction, independent in ambulation and activities of daily living but with impaired balance having Berg Balance Scale (BBS) score between 35-45 and Dynamic Gait Index(DGI) score between 11-19 were included in study while subjects having difficulty in following instructions, undertaking medication affecting equilibrium and balance and presenting with complaint of dizziness as determined by Dynamic Visual Acuity Test (DVA) were excluded from the study. None of subjects had any history of marked musculoskeletal impairment, lower limb injury, surgery or balance impairment other than age related changes. Informed written consent prior to participation in study was obtained from each participant and they were explained in detail about the nature of the study. Study was approved by Departmental Ethics Committee of Department Physiotherapy, Punjabi University, Patiala. Participants were randomly allocated to three groups. Group A (n=10) age (66.40±4.48) years; Group B (n=10) age (70.60±6.00) years; Group C (n=10) age (64.60±6.48) years, respectively (TABLE  1) . fig1) with the aim to increase gaze stability invoking long-term changes in the gain of the remaining vestibular system in response to input [9] . Substitution exercises are designed to foster the use of other eye movement strategies in order to substitute for lost vestibular function and maintain visual fixation. Substitution exercises require the individual to perform eye-head movements between targets with the goal of seeing clearly during those tasks (TABLE 3) [9] . Balance training comprised of both static and dynamic balance training exercises, designed to improve postural stability and mobility with progressively increasing challenging tasks. It includedStanding on firm surface with feet apart, heel stand, toe stand, marching on firm surface, semi tandem stand, walking forward and backward with normal base of support with weekly progression (TABLE 4, Fig. 2 ). Each of these tasks was performed for 5 repetitions. The difficulty level of exercise was increased gradually, with the goal being set just above the patient's ability level to perform it. Rest intervals were given whenever required for the total of 5 minutes in one treatment session. The intervention was given for 6 weeks, everyday regularly for two days a week under supervision of researcher, rest 5 days of week at home. Subjects were instructed to perform these exercises three times a day with gap of at least 4 hours between two sessions. In this way each session lasted for 45 minutes to 60 minutes. 5-10 minutes of warm up and cool down was performed by the subjects before and after the exercises respectively. Group B underwent only aforementioned Balance Training but no Gaze stability exercises and same schedule was followed by Group B with session lasted from 45 minutes to 60 minutes.
Group C acted as control group, as the subjects in this group were devoid of any intervention any training. They were however advised to carry out their normal routine activities but not to do activities that can have affect on their balance and vestibular system for e.g., travelling in hilly areas, by aeroplane. At the end of the six week period, participants were re -tested on the same three balance tests used in the pre test session. Collected data was analysed. 
Table 2 Gaze Stability Exercises Protocol (Adaptation Exercises)
III. Data Analysis and Results
Data Analysis: Data were analyzed using SPSS version 13. Student't' Test was applied for intra-group comparison of differences in pre-intervention and post-intervention scores of BBS, DGI and ABC, respectively for each group and readings within a single group. One-way analysis of variance (ANOVA) was applied to examine whether pre and post-intervention scores of outcome measures (BBS, DGI and ABC) significantly differ among the three groups. When a significant difference existed between the three groups, a post hoc Scheffe multiple range Test was applied to reveal which groups differ significantly from each other. The results were concluded to be statistically significant with p <0.05. 
Results
IV. Discussion
Balance and gait disturbances place older adults at significant risk of falling, with potentially life threatening sequelae [10] and hence fall prevention has become an important consideration in elderly as falls represent a major source of morbidity in this population [11] . Physiological changes that occur with advancing age causing decline in somatosensory system (vision, vestibular, proprioception) and motor (strength, coordination, endurance) function have been identified as major intrinsic factors contributing to falls [12] .
Vestibular hypofunction, too has been identified as an important factor for balance deficits especially during dynamic activities like walking. Age related decrements of vestibular function results in symptoms of dizziness and increased fall risk. As Vestibulo-Ocular Reflex (VOR) gain reduces with age, it places the elderly at the risk of falling. Elderly subjects respond with longer time lags during saccadic target shifts and execute more catch-up saccades during smooth pursuits and it affects their postural coordination which leads to balance problems [13] .
Studies have shown Vestibular Rehabilitation (gaze stability exercises) to be effective in reducing fall risk in individuals with symptoms of dizziness, by improving their postural stability and visual acuity during head movements [9] but so far the effect of gaze stability exercises on balance in vestibular asymptomatic (without the complaints of dizziness) elderly has not been studied. It was hypothesized that subtle age related changes in vestibular function although not amounting to symptoms of dizziness and disequilibrium, can affect balance in elderly while performing dynamic activities especially walking and during cephalic movements, which can be minimized using vestibular exercises. So present study was designed to investigate whether the gaze stability exercises in asymptomatic elderly people can improve balance and decreases the risk of fall in them.
Results of present study depict that both experimental groups (Group A and Group B) improved significantly in balance performance after six weeks of intervention as indicated by increased mean values of post BBS scores while Group C did not show any improvement. The findings of the present study are in accordance with the study of in which a statistically significant improvement in BBS score was seen after vestibular rehabilitation therapy in elderly patients above the age of 50, suggesting that treatment resulted in significant reduction in fall risk [14] . In another study done by Giray et al. (2009) significant post exercise improvement in BBS score was observed after receiving vestibular rehabilitation that consisted of adaptation, substitution exercises, visual desensitization and balance exercises, in patients with chronic unilateral vestibular dysfunction [15] . They concluded that the customized vestibular rehabilitation programs decreased symptoms, increased postural stability, and improved dizziness-related disability in patients with chronic decompensated vestibular deficit.
Result of One way ANOVA, (F(2, 27)=57.57, p=.001) calculated on mean difference scores of BBS from three groups indicated at least one significant difference existed among the means. Further comparison of mean difference of improvement scores of BBS using Post-hoc Scheffe multiple range test indicated that significant difference existed between Group A and Group C; Group B and Group C while between both the experimental groups, Group A and Group B, no significant difference was found. However on comparison of mean values of mean difference of improvement scores of BBS, Group A showed slight improvement than Group B. The improvement in performance of functional tasks of BBS can be accounted to the retraining of Vestibulo-Ocular Reflex (VOR) by the gaze stability exercises which were given in addition to the balance exercises in Group A.
Similar findings were observed for performance of gait, i.e. both experimental groups, Group A as well as Group B, significantly improved on DGI scores after six weeks of intervention. Result of One way ANOVA, (F(2, 27)=20.38, p=0.021) calculated on mean difference scores of DGI from three groups and subsequent Posthoc Scheffe test revealed that Group A and Group B did not significantly differed from each other, hence equally improved in gait performance while control group (Group C) showed decline albeit non-significant in DGI scores and significantly differed with both experimental groups. The results of the present study are in agreement with the study carried by Hall et al. (2010) on elderly patients with dizziness where gaze stability exercising group showed reduction in fall risk (indicated by significant improvement on DGI score) as compared with control group [9] . This improvement was attributed to the adaptation of the vestibulo-ocular reflex through performance of specific vestibular exercises and the second possibility was that participants in the Gaze Stability (GS) group became more accustomed to head movements, one of the elements in the DGI test. In another study conducted by Badke et al. (2004) , the effect of vestibular rehabilitation and balance exercises on adults of age (65.5+17.3 years) having central or peripheral vestibular dysfunction was seen and found that both types of patients improved on DGI score indicating effectiveness of vestibular rehabilitation in these patients [16] . They ascribed this to the effect of vestibular exercises that influence recovery mediated by adaptation in the vestibular ocular and vestibular spinal system. In the present study, gaze stability exercise group showed improvement on DGI scores, these changes can also be assumed due to accommodation and adaptation in vestibular ocular and spinal systems achieved through gaze stability exercises. However, there was nonsignificant difference in improvement on DGI between Group A and Group B; this could be due to inclusion of vestibular asymptomatic elderly subjects.
Similar trend in findings was observed for confidence in balance as measured on the Activities Specific Balance Confidence Scale (ABC) scale, that is both experimental groups, Group A and Group B, significantly improved on ABC scores after six weeks of intervention, however on intergroup comparison non-significant differences existed between both groups, meaning Group A and Group B had equally improved on confidence in balance. Control group, Group C non -significant decline in ABC values. Similar findings were reported by Hall et al. (2010) and Jung et al. (2009) that gaze stability exercises along with balance exercises led to improved self perceived confidence in balance-ABC scores of elderly patients [9, 15] . This increase in self perceived confidence in balance in present study and previous studies can be associated with changes that occurred with participation in training and exercises.
V. Conclusion
Results of present study revealed that inclusion of gaze stability exercises in balance training of elderly did not produce significant improvement in their balance and gait performance. Although significant results cannot be found but comparison of mean values of improvement scores of BBS, DGI and ABC suggested that group who underwent combination of exercises fared better than the group that received only balance exercises. Limitations of the present study: It could not measure all the components of vestibular system. The balance training was given for a short duration of time and some portion of the gaze stability exercises was included in the home exercise program. Also, sample size was small. Suggestions for further research: Future study should include long term intervention period. Follow up assessment should be done to know the retention effect of these interventions. Large sample can be studied. Balance performance can be studied using other balance measures such as Clinical Test for Sensory Interaction on Balance (CTSIB) and Performance Oriented Mobility Assessment (POMA). All the components of the vestibular system can be tested and study can be done to see the effect of gaze stability exercises on gait of elderly. The effect of other components of vestibular rehabilitation such as habituation exercises and visual desensitization exercises should also be studied on balance of elderly
